The distribution of DNA repair synthesis in the chromatin of confluent human diploid fibroblasts damaged with N-acetoxy-2-acetylaminofluorene has been studied. Kinetic analysis of staphylococcal nuclease digestion data revealed that initially most of the repair synthesis occurred in nuclease sensitive regions of chromatin. Continuous labeling experiments and pulse chase experiments indicated that with time much of the 3 H dThd initially incorporated into nuclease sensitive regions during repair appeared in nuclease resistant regions. Agarose gel electrophoresis was used to demonstrate that these resistant regions were core DNA. In agreement with previous findings [Smerdon, M
INTRODUCTION
Although it has been widely appreciated that mammalian cells repair radiation and chemical damage to DNA (4, 5) , recent advances in the understanding of chromatin structure (6, 7) have focused attention on the importance of examining the role of chromatin structure in the repair process.
In fact, work from several laboratories (8) (9) (10) (11) (12) (13) (14) , including our own (15) (16) (17) , has emphasized that an analysis of chromatin structure is crucial for understanding DNA damage and repair.
We have developed a method to quantitate the distribution of repair synthesis in nuclease sensitive and resistant regions of chromatin (17) .
Our previous results indicate that, following UV irradiation of human diploid fibroblasts, most of the repair synthesis occurs in staphylococcal nuclease sensitive regions of the genome (primarily linker DNA); furthermore, rearrangement of chromatin occurs so that, with time, most of the nucleotides initially incorporated during repair synthesis into nuclease sensitive regions become nuclease resistant (are present in core DNA)
Nucleic Acids Research (15) (16) (17) . Whether these findings are unique to UV damage or extend to damage by chemicals has not yet been investigated. The direct acting chemical carcinogen, N_-acetoxy-2^acetylaminofluorene (NA-AAF), has been used as a model compound for repair studies (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) , and recent evidence suggests that damage induced by it and by UV may be repaired, at least in part, by different mechanisms (19, 20) . It would obviously be of interest to know more about the effects of chromatin structure on DNA repair synthesis and in particular if following NA-AAF damage there is preferential repair synthesis in linker regions and subsequent nucleosome rearrangement.
MATERIALS AND METHODS

Cell Culture
Human diploid fibroblasts (IMR-90 cells, passages [14] [15] [16] [17] [18] [19] [20] [21] were grown and labeled during replication with 1 4 C dThd (0.0125-0.05 uci/ml final concentration) as previously described (17) .
Damage with NA-AAF and Repair Experiments
Protocols were similar to those previously described (20, 27) . In 14 brief, confluent cells prelabeled with C dThd were pretreated with 10 mM hydroxyurea (Sigma) and treated for 15 minutes with NA-AAF (5-100 MM) dissolved in dimethylsulfoxide (Pierce, silylation grade). The medium was removed and replaced with conditioned medium containing 10 mM hydroxyurea and H dThd (final concentration 10 UCi/ml, 40-60 Ci/mmole, New England Nuclear or Amersham-Searle). Controls were treated identically except that they received dimethylsulfoxide lacking NA-AAF. All operations were carried out in a warm room at 36-38 C.
For studies of the effects of NA-AAF concentration on repair synthesis and time course studies, damaged cells and control cells were harvested at the appropriate times, and the DNA was purified by centrifugation in neutral CsCl; the amount of repair synthesis was calculated as previously described (17) . For most experiments, cells to be used for chromatin studies were treated as described above. In some experiments cells were damaged with NA-AAF, pulsed for 1 hour with H dThd and chased for varying times with conditioned medium containing 50 pM dThd (unlabeled).
Staphylococcal Nuclease Digestions and Electrophoresis
Preparation of nuclei and DNA, digestions with staphylococcal nuclease (Worthington), agarose gel electrophoresis, and data analysis were all carried out as previously described (17) . Digestion studies were carried out with 0.11 unit/yg DNA (nuclei) and 0.04 unit/yg DNA (purified) of staphylococcal nuclease in 10 mM Tris buffer, pH 7.6, 0.1 mM CaCl 2 , 0.25 M sucrose at 37° C. Hae III restriction fragments of PM2 DNA were used as markers for the electrophoretic studies and were the generous gift of Drs.
R. T. Kovacic 
Distribution of Repair Synthesis within Chromatin
We examined the distribution of repair synthesis within chromatin by analyzing the staphylococcal nuclease digestion kinetics of nuclei and the corresponding purified ONA (17) . Confluent cells which had been prelabeled 14 during replicative synthesis with C dThd were damaged with NA-AAF and then labeled for 4 hours with H dThd in the presence of hydroxyurea.
Under these conditions more than 95% of the H dThd is incorporated by re- In order to quantitate this effect, the data are replotted in Figure   2b along with a fit to the data from the digestion of the corresponding purified DNA (17) . Digestion of purified DNA with staphylococcal nuclease 3 14 releases H (repair sites) at a uniform rate with respect to release of C (entire genome). However, digestion of nuclei results in a non-uniform 3 14 rate of release of H with respect to C. Initially the rate of release of H label is rapid, demonstrating that repair synthesis occurs in nuclease sensitive regions. As the extent of digestion increases, the rate of Figure 4 ) . This finding is especially interesting since there is now some evidence that NA-AAF damage and UV damage are repaired differently (19, 20) . Furthermore, the distribution of damage within chromatin may be different after exposure to these agents. There are also inherent differences in experiments with chemical and physical agents: with NA-AAF, exposure time is appreciable compared to the length of the experiment while with OV it is trivial (15 minutes for NA-AAF; 3-6 seconds for UV); the amount of repair synthesis at optimal levels of exposure with NA-AAF is usually only 1/2 to 1/3 that seen with UV (22, 24, 25, 26) . Thus, whether damage is induced by NA-AAF or 0V the initial distribution of repair synthesis is probably determined at least in part by chromatin structure; after both agents there is a redistribution of the nucleotides inserted during repair resulting in the movement of a substantial fraction of the repair-inserted nucleotides into core DNA. Our findings leave unresolved the nature of rearrangement (e.g., constitutive vs induced), the reason for the similar time dependence of repair synthesis and rearrangement, and the relation between the distribution of repair synthesis and the distribution and removal of damage (20, 22) .
